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DAY 2,3

=

ter (more “parallgl})./ /
Controlling thie FER (= 0.05), an justing for the chimp; there is a sig-
nificant difference in mean time’it takes chimpsMe words. Listen

takes significantly less tine to learn than food, frait, hat, look, and string:”

fink and show take Jess time than look and string. Key and M
time than string. A-Clever student could guantify this using 95%Confidence
intervals for the difference in log-time] and exponentiate to"give 95% con-
median time-to-)e{m)i@r:g the words is

fidence intefvals for factors of hc
different.

2. The shifted Exponential: Let Xy, ..., X,, be arandom sample from the den-

sity

4 Ml 8

1
f(alt.0) = exp (~252) fmy(o),
for 6 > 0 and real «v. Suppose # and ¢v are unknown.

(a) Let the first order statistic be denoted X1y = min{X,,..., X, }. Find

the distribution of
W %ﬂ

An-s-{.ver\
Forx <, P(X; > x) =0.Forz > a,
o0
P(X;>2z) = / gl em (=0
b
sa) /0>
s
= {gl=m8)8
e {:4'-—(1}/9‘



P{n(Xyy —a)/8 >z} = P{Xu) >z0/n+a}
= P{Xi>z0/nta,...., X, >z/n+a}

%

w6 T[> atjn 10
i=1

K > s0n 4

B [e—{an*‘rﬂ'"}/‘;]"

g [e_(me/n)lﬁ]“

=x

= e

So W ~ exp(1).

(b) Derive the MLE (é &) for (6. «v). Hint: First find the MLE @&, then use
@ to find the MLE 6.
D%wej The likelihood 1s

L(6,a) H9 exp ( 7 ) Doy (2):

It’s easy to verify that this is zero for v > x(y). where () = min{xy,...,r,}.
Also, ‘} £ 0.« > 0 for v < x(yy. So & = x(y). Given 4, the range

of # does not depend on the data and so we can go the usual route
involving the dervative of the log-likelihood function

1(0,&) = —nlog§—0~1 Z(:rri—q:m) = —nlog8—0""'nz+6 'nzq).
i=1

d N noonk NI se

—(0, &) = —— - =0

@OV = 5t E '

yielding § = & — x(). A dedicated student will go the extra mile and

show 2.1(0, &) < 0.

(c) Use (a) and (b) to develop a 95% confidence interval for «, by plug-
ging in 6 for f. The times it took for n = 10 preschoolers to complete
a task in minutes are

2316 1.1 1.7 1.1 1.7 1.2 1.6 4.4 2.4.

6



Find, and interpret, a 95% confidence interval for « for these data.
Answa There are a few ways to do this; here’s one.
Let W ~ exp(1) and P(a < W < b) = 0.95. Solving gives

P{Xqy —b/n+ < a < Xqy —ab/n+} = 0.95.
The sample statistics are T = 1.91 and ;) = 1.1, 500 = 1.91—-1.1 =
0.81. Giving 0.025 to each “tail” yields P’(0.025 < W < 3.69) =
0.95, and a 95% CI (0.801,1.098). We are 95% “confident” that the

shortest amount of time to possibly complete the task is between 0.8
and 1.1 minutes.

(d) Derive the method of moment estimators (6, &) for (6, ).
[Answer|
= E(X;) =a+0.
e = E(X?) = var(X;)+ 12 = 02+ 0?4 200+ 6° = o® + 206 +26°.

Let
n n
= - i
my=n? E X;and my — n”! E X
i=1 i=1

Then we solve

my — o+ 8
my = a4 206 + 26°

Taking v = mn; — 0 (first equation) and plugging into the second equa-
tion, we have

my = (m—0)*+2(m;—0)0+26° = mi—2my0+6°42m,0—26° 1267,
yielding the quadratic in 6

02 +mi —my = 0.
The quadratic formula gives

it VO o A AP — KNG ) _ g, et

B = Mo — My.
2a 21} H |

S m whenever my > m7. The first equation then gives

& = my — \/mo —m?. Here we require 'm,f > My — mf. Both
inequalities yield m{ < may < 2m?.

EX)= <+ & v ()18
50/ A= X=S , powded x>S .
g =5



